Abstract Studying the human subcortical auditory system non-invasively is challenging due to its 10 small structures deep within the brain. Additionally, the elaborate three-dimensional (3-D) 11 structure of the system can be difficult to understand based on currently available 2-D schematics 12 and animal models. To address these issues, we measured functional magnetic resonance imaging 
Introduction

22
Understanding the structure of the human subcortical auditory pathway is a necessary step to 23 research its role in hearing, speech communication and music. However, due to methodological 24 issues in human research, most of our understanding of the subcortical (thalamic, midbrain and 25 brainstem) auditory pathway arises from research conducted in animal models. This might be 26 problematic because, while the organization of the auditory pathway is largely conserved across 27 mammalian species (Malmierca and Hackett, 2010; Schofield, 2010), the form and function of each 28 structure may not be analogous (Moore, 1987) . In this paper we show the convergence of three 29 human imaging modalities -histology, post mortem magnetic resonance imaging (MRI), and in 30 vivo MRI at ultra high-field (7 Tesla) -in the representation of the subcortical auditory pathway at 31 high spatial resolution (between 50 and 1100 µm). we make the resulting atlases publicly available. 76 water in the tissue and how it is bound (e.g., diffusion); and 4) produces 3-D data. These advantages Table 3 and the overlap between   110 the segmentations computed after projection in MNI space are reported in Table 2 (as inset in Fig 2) . Connectivity closely resembles the expected pattern of the human subcortical auditory wiring.
124
In particular, streamlines predominantly pass through the lateral lemniscus, the primary subcortical 125 auditory tract. Additional streamlines run through the brachium of the inferior colliculus, connecting 126 the inferior colliculus with the medial geniculate of the thalamus. Many streamlines then course 127 rostrally toward the auditory cortex (not present in this specimen).
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At the caudal extent of the lateral lemniscus, streamlines pass through the superior olivary 129 complex. Streamlines also run through the root of CNVIII. In total, each expected step along the 130 subcortical auditory pathway is represented in this connectivity map. To investigate the sparsity of streamlines connecting auditory regions at 200 µm using 50 138 µm anatomical MRI-defined regions, we conducted two additional analyses. First, we dilated the 139 anatomical ROIs by 500 µm (2.5 voxels at 200 µm resolution), thereby including nearby white matter 140 tracts as well as adjacent subcortical structures. Using these dilated ROIs as tractography waypoints, 141 we found higher connectivity between subcortical ROIs, particularly on the right between inferior 142 colliculus (IC) and medial geniculate body (MGB) (Supplementary Fig 1) . 143 Next, we resampled the diffusion MRI images to an in vivo-like resolution (1.05 mm isotropic). We 144 again estimated fiber ODFs using CSD and estimated white matter connections with deterministic 145 tractography. Using the (undilated) anatomically defined ROIs as tractography waypoints, we can 146 visualize streamline estimates connecting subcortical auditory structures (Supp . Fig 2) In all our participants, we could identify clusters of significant activation in response to sounds 179 in the MGB, IC, SOC, and CN. On top of this, we created a probabilistic functional atlas based on the 180 overlap of statistically significant maps across individuals (after registration to a reference subject).
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The left column of Figure 5 shows the probabilistic functional map (i.e., representing the number of The functional responses in the MGB cover an area that is in agreement with histological data. 
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A quantification of the volume of functionally defined structures (significant activation in at least 216 three of the ten subjects) is reported in Table 3 , and the overlap between functional regions and 217 the BigBrain segmentations after projection in MNI space is reported in Table 2 (as inset in Fig 2) . one-half to two-thirds of ascending auditory connections cross the midline at these early stages. Despite these positive outcomes, functionally defined regions exhibited overall larger volumes 346 compared to the histological ones (see Table 3 ). Although relatively high resolution (1.1 mm 347 isotropic), our functional voxel size and the spatial smoothing applied during preprocessing might ., 1997) . This effect could be reduced by using different stimuli and statistical contrasts. We collected data for =10 participants (age range 25 to 30, 6 females), in three separate sessions. 428 In the first session, we acquired the in vivo anatomical data set consisting of: 1) a T1-weighted (T1w) 
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In the same session we acquired, for each participant, a diffusion-weighted MRI data set using a finally from in vivo space to MNI space using the FSL-FNIRT inverse transform (described above).
537
BigBrain histology segmentation
538
In what follows we describe the main anatomical observations related to the auditory structures 539 as segmented in the 100 µm histological data. Images were segmented independently by two 540 raters (KRS, OFG). Overlap between the two raters was high (see Table 2 [top row -Big Brain across 541 segmenters] in Fig 2) ; in the figures we show the regions that were consistently segmented by both 542 raters. In the BigBrain data, the inferior colliculus is clearly identifiable as the lower two of the four 598 bumps along the dorsal portion of the midbrain (or tectum). In what follows we describe the anatomical contrast that can be leveraged from these post mortem 621 MRI data in order to identify structures in the auditory brainstem. We then used these segmenta- 
